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Background and Purpose: A limited number of studies consisting predominantly of
ruptured aneurysms have looked at differences in anatomical distribution of aneurysms
between male and females. Unlike all other causes of stroke, subarachnoid hemorrhages
(SAH) occur more often in women and are thought to be a result of both hormonal inﬂu-
ences and variation in wall shear stress. This paper retrospectively looks at a cohort of
largely unruptured intracranial aneurysms to determine if there exists a gender discrepancy
in the anatomic distribution of cerebral aneurysms. Methods: A retrospective review of
consecutive patients with ruptured and unruptured intradural saccular cerebral aneurysms
treated endovascularly was performed. Results: Six hundred eighty-two aneurysms were
treated. Seventy-two percentage of the patients were women and 27% of patients pre-
sented with SAH. Among women, most aneurysms were located along the ICA (54%)
while men the ACA (29%, compared to 15% in women), a discrepancy evident in both
unruptured and ruptured groups. Females tended to present later in life (59 vs. 55years),
with multiple aneurysms (11 vs. 6% in men), and with SAH (28 vs. 23% in men) – the
majority of these ruptured aneurysms were located at the ICA (42%), while men at the
ACA (47%). Additionally, the majority (68%) of ruptured ICA aneurysms were PCOM.
Conclusion: Understanding the natural history of aneurysms is imperative in treating inci-
dentally found aneurysms. Signiﬁcant differences exist between the genders in relation
to aneurysm location, the most pronounced at the ICA and ACA. Previously described
hormonal and hemodynamic theories behind cerebral aneurysm pathogenesis seem like
plausible reasons to explain these differences.
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INTRODUCTION
Despite the increasing number of embolizations performed on
unruptured, largely incidentally discovered cerebral aneurysms,
the public health impact of subarachnoid hemorrhage (SAH) has
remained largely unchanged over the last 20years (Longstreth
et al., 1985; Juvela et al., 1993a). Surgically treating incidental
intracranialaneurysmshasbeenatopicof debate,giventheuncer-
tainty of the natural history of the disease and the inherent risks
of the procedure (Juvela et al.,1993a;Wiebers et al.,2003). This is
a commonly encountered dilemma as asymptomatic unruptured
aneurysms are detected in 1–6% of healthy individuals based on
autopsy and imaging studies (Inagawa and Hirano, 1990a; Ver-
nooij et al., 2007). A possible clue in better understanding the
natural history of cerebral aneurysms may lie in the unique epi-
demiologicfeaturethatunlikeallothercausesofstroke,SAHoccur
more often in women (2:1; Nishioka et al.,1984; Longstreth et al.,
1985; Kassell et al., 1990; Kongable et al., 1996; Teunissen et al.,
1996; Ellamushi et al., 2001; Molyneux et al., 2002; Wiebers et al.,
2003; Eden et al., 2008; Aarhus et al., 2009). Studies evaluating
de novo formation,growth,intraoperative rupture,and multiplic-
ity of intracranial aneurysms all demonstrate an increased female
occurrence and more often post-menopausal (Juvela et al., 1993a,
2001; Ellamushi et al., 2001; Kaminogo et al., 2003; Wiebers et al.,
2003; Beck et al., 2006). The cause of this disparity is unknown,
but likely is not the result of the well-known risk factors for
SAH, including smoking, hypertension, atherosclerosis, and alco-
hol consumption, all of which are more common among men
(Longstreth et al., 1985, 1994; Stober et al., 1985; Juvela et al.,
1993b, 2001; Adamson et al., 1994; Mhurchu et al., 2001; Stirone
et al.,2003; Jamous et al., 2005; Harrod et al.,2006).
Several pathophysiological mechanisms have been proposed
to explain the female susceptibility to cerebral aneurysms and
SAH. Because the greater female-to-male ratio of SAH is found
to occur more so in the post-menopausal period, a mechanism
involving compromised arterial integrity as a result of a drop in
estrogen levels has been proposed (Juvela et al., 2001; Mhurchu
et al., 2001; Stirone et al., 2003; Wiebers et al., 2003; Harrod
et al., 2006). Additionally, vascular geometry and wall shear stress
(WSS)mayalsobefundamentallydifferentbetweenthegendersas
demonstratedusingcomputedﬂuiddynamics(CFD;Alnaesetal.,
2007; Lindekleiv et al., 2010; Rahman et al., 2010). By elaborating
on these differences, we may better deﬁne the pathophysiologic
mechanismsunderlyingnotonlywhyaneurysmsoccurmorecom-
monly in women, but also possibly aneurysm pathophysiology in
general.
A few studies evaluating exclusively ruptured cerebral
aneurysms have demonstrated a variation between gender and
aneurysm location (Inagawa and Hirano, 1990b; Kongable et al.,
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1996; Eden et al., 2008; Park et al., 2008; Aarhus et al., 2009).
Therefore, we sought to describe the nature of a possible gen-
der discrepancy in the anatomic distribution of a large cohort of
mostlyunrupturedcerebralaneurysmsaroundthecircleofWillis.
MATERIALS AND METHODS
We obtained institutional review board approval for our study
protocol. We conducted a retrospective chart review over 9years
of intradural saccular cerebral aneurysms in patients treated via
endovascular embolization by two physicians. Both ruptured and
unruptured aneurysms were included. We collected information
on patient’s age, gender, aneurysm location, and aneurysm rup-
ture status,all determined retrospectively in databases speciﬁcally
designed to collect data on aneurysm treatment.We also reviewed
operative and imaging reports and determined aneurysm size by
measuring the largest recorded diameter. We used the Koivisto
charting system for categorizing aneurysm location which has
been commonly used in related studies since 2000 (Table 1;
Koivisto et al., 2000).
STATISTICAL ANALYSIS
All analyses were performed with Microsoft Excel 2007. A P-
value of 0.05 was used as being statistically signiﬁcant. Group
comparisons were performed with Student’s t-test.
RESULTS
Between 2002 and 2011, 608 patients were included with a total
of 682 treated aneurysms. Of the 682 aneurysms under review,
women comprised 72% of the patients. The overall average age in
our cohort was 57years of age, with men presenting at an earlier
age (55years, compared to 59 in women, p =0.05). Aneurysms
ranged in size from 2 to 42mm in largest diameter. Using the
Koivisto categories for aneurysm location, our overall aneurysm
locationfrequencyandbreakdownbygenderisshowninFigure1.
Among women, most were along the ICA (54% in women, com-
pared to 38% in men) while men had a disproportionate number
of ACA territory aneurysms (29% in men, compared to 15% in
women),bothofwhichshowedstatisticalsigniﬁcance(p =0.001).
No differences were seen in the frequency of aneurysms in the
MCA and posterior circulation (VBA).
GENDER DIFFERENCE AMONG UNRUPTURED ANEURYSMS
The average age of the patients treated for the 496 unruptured
aneurysms was 57 (range 27–81), with men presenting signiﬁ-
cantly younger (55 vs. 59years,p =0.02). Combined,unruptured
aneurysms were predominantly located at the ICA 54%, followed
by VBA 19%, MCA 16%, and ACA 11% (Figure 1). For the ICA
T a b l e1|K oivisto categories for grouping aneurysm locations Location
of unruptured and ruptured aneurysms in males and females.
ACA Anterior cerebral, anterior communicating, and pericallosal artery
MCA Middle cerebral artery
ICA Internal carotid, ophthalmic, posterior communicating, and
anterior choroidal artery
VBA Vertebral, basilar, and posterior cerebral artery
group, 49 of the 269 unruptured aneurysms were found at the
PCOM.
The distribution of unruptured aneurysms were signiﬁcantly
different between women and men (Table 2) – 21% of the unrup-
tured aneurysms found in males were located at the ACA, com-
pared to only 6% in females (p <0.001). Females, however, had
59% of their unruptured aneurysms found at the ICA, com-
pared to 40% in males (p =0.002). The size of the unruptured
aneurysms was on average similar between the two genders (8 vs.
8.1mm).
GENDER DIFFERENCE AMONG RUPTURED ANEURYSMS
The average age of the 186 ruptured aneurysms was 56 (range
26–83), with men again presenting at a signiﬁcantly younger
age (53 vs. 59years, p =0.05). Collectively, ruptured aneurysms
were predominantly located at the ICA 38%, followed by ACA
37%, VBA 14%, and MCA 11% (Table 2; Figure 1). For the ICA
group,48 of the 71 ruptured aneurysms were found at the PCOM
(Table 3).
The location of the ruptured aneurysms also varied between
women and men. The majority of ruptured female aneurysms
arose at the ICA (42%), while in men the ACA (47%). When cal-
culating the P-value for these differences, the discrepancy proved
to be signiﬁcant at the ACA. Overall,ACA aneurysms were much
morefrequentintherupturedgroup(37vs.11%,p <0.0001)and
more frequent among males (47 vs. 32%, p =0.02). The size of
ruptured aneurysms was not signiﬁcantly different between the
two genders (5.9 vs. 6.1mm). Additionally, a signiﬁcant number
of females were found to have multiple aneurysms compared to
males (11 vs. 6%, p =0.05).
DISCUSSION
Ourstudyshowedadifferenceingenderwithrespecttoaneurysm
location, prevalence, and time of presentation. Unlike prior stud-
ies evaluating gender differences among ruptured aneurysms,our
series consists mostly of unruptured aneurysms, providing addi-
tional clues not just to the pathophysiology of aneurysm rupture,
but also of aneurysm formation.
Genderdifferencesintheanatomicaldistributionofaneurysms
have been studied, but only on a smaller scale and only among
patients with ruptured aneurysms. Park et al. (2008) reviewed a
seriesof 53patientsaged20–39withrupturedcerebralaneurysms
and found the majority of aneurysms on the ICA in women and
the majority on the ACA in men. In a larger, but still exclusively
ruptured cohort,nearly 900 aneurysms were evaluated for gender
differences in anatomical distribution. Again, the female-to-male
discrepancy was most pronounced along the ICA (36% in women
compared to 18% in men) and the ACA (46% in men compared
to 27% found in women; Kongable et al., 1996). In our cohort of
mostly unruptured aneurysms, the most pronounced gender dis-
crepancywasalsoattheICAandACA,withwomenoutnumbering
men 54–37% in the former, and men outnumbering women 29–
15% in the latter (Figure 1). This trend was also observed when
exclusively comparing the unruptured and ruptured aneurysms
(Figure 1). Therefore, our results were similar to those in the
literature that have looked at gender discrepancies in ruptured
aneurysm location. More importantly,our results show that these
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gender differences are evident in both ruptured and unruptured
aneurysms as well.
Our study also demonstrated several additional gender speciﬁc
features.Amongour682treatedintracranialaneurysms,thenum-
ber of female aneurysms outnumbered males by nearly a factor of
3. This ﬁnding is consistent with autopsy studies as well as the 3:1
female-to-male ratio observed in the ISUIA study (Inagawa and
Hirano, 1990a; Vernooij et al., 2007). A systematic review evalu-
ating 23 studies including 56,304 patients found that aneurysms
were not only more common among women, but that women
were at a greater risk of rupture (relative risk of 2.1). Our ﬁndings
suggestedsimilartrendswith28%of ourcohortof femalepatients
presenting with SAH,while only 23% of men (Rinkel et al.,1998).
In conjunction with ﬁndings in the literature, males with both
unruptured and ruptured aneurysms presented at an earlier age
(Kongable et al., 1996; Aarhus et al., 2009). In our analysis, males
were diagnosed 6years earlier in the ruptured cohort and 4years
earlier in the unruptured cohort. Additionally, the incidence of
multipleaneurysmsintherupturedgroupwassigniﬁcantlyhigher
among females (11 vs. 6% in men). This ﬁnding was also noted by
Kongableetal.whoshowedmultipleaneurysmsin32%of females
presenting with SAH, while men with only 17% (Kongable et al.,
1996;Aarhus et al.,2009).
The pathophysiological basis accounting for these dissimilari-
tiesremainsunknown.Severalmechanismshavebeenproposedto
underliecerebralaneurysmformation;twoof themostprominent
mechanisms are hemodynamic stress and compromised vascular
remodeling secondary to a decline in estrogen.
Numerous studies suggest a role for hormones in aneurysm
pathogenesisviaitseffectonvascularremodelingandhaveshown
FIGURE 1 |Total aneurysms men and women (682) (A) and location of unruptured compared to ruptured aneurysms (B).
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Table 2 | Location of unruptured (A) and ruptured (B) aneurysms in
males and females.
A. Unruptured Males (%) N =128 Females (%) N =368 P-value
ACA 21 8 <0.001
MCA 16 16 0.93
ICA 40 59 0.002
PCOM 6 11 0.08
VBA 23 17 0.1
B. Ruptured Males (%) N =54 Females (%) N =132 P-value
ACA 25 43 0.04
MCA 7 13 0.54
ICA 17 54 0.10
PCOM 13 35 0.73
VBA 5 22 0.19
the beneﬁts of hormone replacement therapy (HRT) on reducing
aneurysm formation and rupture (Stober et al., 1985; Mhurchu
et al., 2001; Stirone et al., 2003; Harrod et al., 2006; Lazzaro et al.,
2012). The increase in female prevalence of cerebral aneurysms
andSAHpeaksbetween50and59yearsof age,incorrelationwith
the fall in estrogen levels. Estrogen has been shown to promote
normal physiologic vascular endothelial function and its effect
on vascular structure and function has been described to occur
via pleiotropic effects on vascular endothelial cells, collagen, and
nitricoxide(Stironeetal.,2003).Assuch,changesinestrogenlev-
els may have ramiﬁcations on vascular integrity. Longstreth et al.
(1994) evaluated 103 women with SAH and found a higher fre-
quency of cases in post-menopausal women and those who never
took HRT. Likewise, Mhurchu et al. (2001) performed a prospec-
tive case control study looking at 286 patients and found that any
use of HRT was associated with a signiﬁcant 36% reduction in the
odds of SAH.Additionally,Jamous et al. used animal experiments
to demonstrate the protective role HRT plays in rats following
oophorectomy. After 10weeks of treatment with 17b-estradiol,
only 7% of rats developed saccular aneurysms,as opposed to 53%
of rats not given exogenous estrogen (Jamous et al., 2005). For
these reasons,estrogen appears to play a protective role in the for-
mation, development, and rupture of intracranial aneurysms in
women by altering vascular integrity.
Inadditiontohormonalinﬂuences,theprevalenceanddistinct
location of aneurysms in females can also be explained by ves-
sel wall weakness and stress as a consequence of hemodynamic
forces. It has been shown that hemodynamic factors may lead
to aneurysm formation as a consequence of increased WSS lead-
ing to endothelial damage and vessel wall remodeling. In a study
by Lindekleiv et al. (2010) the group looked at gender variation
at the branch points of the MCA and ICA. They found signif-
icantly smaller vessel diameters among female subjects, which
translated into greater blood ﬂow velocity and higher WSS at
the female MCA bifurcation (19%), and even greater at the ICA
bifurcations (50%). Blood ﬂow models using CFDs looking at
the circle of Willis have demonstrated greater peak pressures and
WSS in vessels with smaller radii and asymmetric branch angles
(Alnaes et al.,2007). Using CFD,peak pressure at systole has been
Table 3 | Distribution of gender, age, size, and anatomical location of
ruptured and unruptured aneurysms.
Ruptured
aneurysm N =186
Unruptured
aneurysm N =496
P-value
Male/female 54/132 128/368
AVERAGEAGE (YEARS)
Males±SD 53±13 0.05
Females±SD 59±14
Males±SD 55±12 0.02
Females±SD 59±13
LOCATION OFANEURYSM
ACA (%) 37 11 <0.001
MCA (%) 11 16 0.09
ICA (%) 38 54 <0.001
PCOM 26% 10% <0.001
VBA (%) 14 19 0.2
ANEURYSM SIZE, mm
Males±SD 6.1±3.5 <0.001
Females±SD 5.9±3.7
Males±SD 8.0±5
Females±SD 8.1±4.8
T a b l e4|D a t ao fboth ruptured and unruptured aneurysms from ISUIA
and Coons compared to current series.
Location of
aneurysm
ISUIA (%;
Wiebers et al., 2003)
Coons et al.,
2011,% )
Ghods et al.,
this paper (%)
ACA 13 28 18
MCA 28 16 15
ICA 46 41 50
PCOM 9 17 14
VBA 12 15 17
shown to be greatest at the VBA, ICA, ICA bifurcation, and ICA–
PCOM junction. However, the bifurcation of the basilar artery is
normally symmetric, generating low WSS. Therefore, it may be
plausible to assume that because women have greater WSS as a
result of smaller vessel diameters,they are more prone to generate
aneurysms located at the ICA, ICA bifurcation, and ICA–PCOM
junction.Onehypothesismaybethattherelativedifferenceinves-
sel diameter is most pronounced between men and women at the
supraclinoidICA,andwithlikelymoresimilararterialbloodpres-
sures,theeffectiveWSSismoreconducivetoaneurysmformation
in women.
The clinical ramiﬁcations of smaller vessel caliber at the circle
ofWillishasalsobeendemonstratedtoincreasetheriskofrupture.
Rahman et al. (2010) assessed if the “size ratio,” the ratio of the
intracranial aneurysm diameter to the native vessel diameter, has
anyinﬂuenceonriskof aneurysmrupture.Thegrouplookedat16
ruptured and 24 unruptured aneurysms, and found the size ratio
wassigniﬁcantlylargerinrupturedaneurysms.Takenintoconsid-
eration, these results can be interpreted to mean that unruptured
aneurysms are more likely to rupture the larger they are in rela-
tion to the parent vessel artery diameter from which they arise.
Given that females on average have smaller diameter intracranial
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vessels, females may be at greater risk for cerebral aneurysm rup-
ture. Therefore,the disproportionateWSS at the ICA and the lack
of endothelial protection by the decline in estrogen at locations of
hemodynamic stress may explain why females are more prone to
aneurysms at the ICA.
It is also important to note that ruptured aneurysms proved
signiﬁcantly smaller than incidentally treated aneurysms (6 vs.
8.1mm, p =0.02), without any signiﬁcant difference between the
genders.ThisﬁndingisinaccordancewiththosefoundintheISAT
trial and the numerous other studies in the literature – the ISAT
trial showed that 52% of their ruptured aneurysms were <5mm,
and92%<10mm(Molyneuxetal.,2002).LiketheISATtrial,our
study contradicts those of the ISUIA trial, which concluded that
anterior circulation aneurysms less than 7mm have a 0% chance
of rupturing at 5years. Another study conducted by Juvela et al.
(1993a) looked at 181 aneurysms, and showed that 67% of the
ruptured aneurysms in their series were less than 6mm, further
validating our ﬁndings.
Theprimarylimitationofthisreportisthatourinstitutionisan
urban,tertiarycenter,andnotallincidentalaneurysmspresenting
to clinic were treated and therefore not included in this study. To
accountforthisbias,itisimportanttomentionthattheaneurysms
treated at our center were the aneurysms thought to pose a con-
cerning natural history for risk of rupture, and therefore of more
clinical consequence than those deemed to have a benign natural
history risk. Additionally, when comparing our overall aneurysm
distribution to other published studies that are more population
based, the proportions are comparable. One of the larger clinical
studies looking at the natural course of incidental aneurysms is
the ISUIA study, which looked at 4060 patient with ruptured and
unruptured aneurysms (Wiebers et al.,2003).When looking at all
the patients included in the study, the majority of the aneurysms
were located at the ICA (46%),with only 9% found at the PCOM,
followed by MCA (28%), VBA (12%), and ACA (13%), ﬁndings
comparable to ours (Table 4). Like our institution, Coon et al.
(2011) looked at the tertiary center experience at John Hopkins
with400intracerebralaneurysmsandfoundasimilardistribution
except for a greater number of ACA aneurysms – 28%. Addition-
ally, when comparing our ruptured to unruptured cohort with
respect to aneurysm location, we ﬁnd a similar trend to other
published reports. When looking at our overall aneurysm loca-
tion,thereweremoreACAandPCOManeurysmsintheruptured
group (Figure 1). In fact, they were 3 times more likely (37 vs.
11 and 26 vs. 10% respectively) to occur. This is consistent with
as t u d yb yKivisaari et al. (2004) which looked at more than 800
aneurysms and found the distribution of ruptured and unrup-
tured ACA aneurysms to be 41 vs. 18%. Similarly, Aarhus et al.
(2009) showed a greater tendency for ACA aneurysms to rupture
(36vs.9.6%).ICAandVBAaneurysms,however,weremorecom-
monly seen in the unruptured group (53 vs. 39 and 21 vs. 14%
respectively), while MCA aneurysms were found equally between
the two groups. Therefore, despite the possible biases involved
with our largely referred and treated cohort, the overall distribu-
tion of aneurysms along the circle of Willis among both genders is
comparable to previous studies that were more population based.
CONCLUSION
In summary, women with cerebral aneurysms more commonly
harbor aneurysms located at the ICA, with the PCOM the most
common site of rupture,and are more likely to present with SAH.
Men, on the other hand, present with a signiﬁcantly higher inci-
dence of ACOM aneurysms,which are also the most common site
ofruptureamongmen.Previouslydescribedhormonalandhemo-
dynamic theories behind cerebral aneurysm pathogenesis seem
like plausible mechanisms to explain the differences we found.
Rather than continuing the trend of anatomically excluding
manyincidentallydiscoveredcerebralaneurysms,tomakeapublic
health impact,patients who are truly at risk for aneurysm rupture
needtobeidentiﬁedatthepreclinicalstageforpossibletreatment.
Our ﬁndings demonstrate anatomic differences that give further
support to the previously described pathophysiologic features of
cerebral aneurysms. Our results on largely unruptured cerebral
aneurysms may offer insight to future studies that can discern the
critical steps in cerebral aneurysm pathogenesis.
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